e~ ^O^W-aJ5jc^(speech analysis-synthesis system) ft*'^— ^(vocoder)£:(Wtlv IfMf -^f^ 

il{f ^T'lV^ilt^S, WftJllft^T^Afifc LPC (Linear prediction coding) ##f£-J$^-efc 

^bf&aabfrSo LPC — ^{±^^ ^(voiced sound) CO #{H(sound source) *3 «fc 1/ M P ^ 
(voiceless sound)£9 Unsound source) tLX^K^tl-{l//< /Is X?7%imp\ilse series^il/SfeSI s 1 
(white noise)£f£^LfcW>7:-fe57t£>, mP^UXfeT*^ — &}t£ <buzzy) ^SC^&S, ^ 
^(vocal tract)©iiSl?S^^^>'^/^?lJi:{±^«C5(7>'r% fW>^fto;*^h/W^#4(spectral tilt) 
#£©J^j&s:EL<%j£&JT/1\ ^m<tL-T^3tfSjt#tt(vocal tract transfer characteristics) <£>*f 3£ 
l§:|lE(estimation error)^^e^ 

^IT*, ^Mi-J^ffriS^ (glottal waveform) (D^T-V^^rffiV^ — ^(vocal tract 

parameter)<t1?M^7^—^ (voice source parameter) k&fflB$\Z%gfe'i-?)%feffi%2i£&ti1to Ding P> 
f±, ARX(autoregressive-exogenous)i 1 ^^^^^>^£^<t:°^^^^^^^^W^J*^^;Ding, 
W., Kasuya, H., and Adachi, S., "Simultaneous Estimation of Vocal Tract and Voice Source 
Parameters Based on an ARX Model', IEICE Trans. Inf. & Syst, Vol. E78-D, No.6 June 1995)&rHf!^ 

'& (dynamic programming) V " , Xtk73E~t%> 0 

ZWYfe(Dm&&M, F t <n)£fl n 7^ 2*<D7;J-/WVWSI« N F ; (n)^ n 7l/^07^WVh 

rf e (F(«), F(w + 1)) = a|F ; (ti) - F, (n +1)| + j8|F { («) - F. (n +1)| 
4, <F(*)) = «|F, (A:) - F f (k)\ + ^F,. (*) - e| 
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^5— ^cd7w— AtdiEttu io©7^- A^r H ^7^-/v-^^hpijgici^^m^^rjf[i-^ 



mm?4^>?(GCl: glottal closure instance) iZttJ&tt¥—#{\LW&2fcmW£¥<OfoX&ftfc£'3 

ttlU H&fati^ ^WMM(D DFT(discrete Fourier transformation)^*3it5S^lSV'^</^?:Hl, B 2 
f#iP^^</Hl: H2 <tLT v HD=H2-H1 Tr^tt£H5 HD <Dffi/^b^P^f?#PHWopen quotient) 
OQ %m7£i~Z> a 

02 = 3.65//D -0.273HD 2 + 0.0224HD 3 +50.7 Ogl^fflV 




m2&* RK^T/woQ'^t—fmk&immfo. ^mm^^^^m^^tLrnxfr 

(b)(i T d =50 fi s X^yY^titzMB, (c)fi d g =3ms <7>7>^WX^7h^£;ftfc^^fc5o 

HI 4 (a) ii^Fil^^^-e^h, |U4 (b) ^(D^fh^mik^m^^mx-foz, 

09tt. m^(DmmuM^<DMi&$:Mi,fcmx&% a 

Hill (a) ( (b) f±. RK^x>^M^^^-/^^7^y^i:^vy^jl^J;!9t>^^^^ST- 
HIl2f±, r<^^^(^^3cD^Jfe^{c:J;5W^^^^^O«^^t-yciy^|l|T-fo5o 

HI 15 fit, ^9^ofc2o07^/w^h<^7^/w^h^^^t^>'KtlOl5^Sr^-ria-efe5o 
H]16{±, -ffttidFrame A, ittCFrame BiD^^/U-^VhSriofc^S^^SEj^SrlftWi-Sfc* 

Hl20tt. HI190^(^t><i:{cii*?#5t&^^^-ri2l-e*>5o 

t2i23(±. ^Bim^Htzm^^mx^^ 

IH24JL 3^fe?>Hfc^:5S^' ? ^^i"llI"C s feSo 

025li,^ii^^!^o-Cg^n7t7^-/^>h(D#^^t-[E]-t-fe5 o 
Hl26S±, Frame AiFrame B^m^^JzLfcmXh^o 

m^&^mxhZo 

m28 (a) , (b) te N 7^-/^>h7^/^tDtij^^-rH^6 0 

Ei30!^ 7*^>h7^;^(Dmmmmm&&^M^6&m(Dmn£^i-mx%h 0 
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£1\ ARX(autoregressive-exogenous) $L$L^ M^^<^ Wft ^I&^ffiWlK^Ol ^ 
[ARX ^/^J&^Vv] 

arx ^p^&^Mtmi^irhm^h*), atz, ar©^d) 

y(n) + ^ «jt - &) = ^ - &) + <K«) (1) 

(vocal tract filter coefficients) "Cfet). p 3o£Xf q it ARX ^erVKPiSfc^rCfoSo 

A(z) = 1 + a t z _1 + • • • + fl^z"^ 
5(z) = fe 0 + 5 1 z- 1 +---6 9 z- ? 

v ; A(z) k ; A(z) k } ( 2 ) 
^T-r(z),C/(z)*5j:tf £(z) !ttMtiy(«),«(«) 33£Xfie(n) (Oz$L&X'$>% 0 PM^fcmm 
mZB(z)/A(z) V5--tbfcZ> 0 
2&tt#t£ (radiation characteristics) ^^0&5>7^P!f$ffti^ (differentiated glottal flow waveform) 
RK(Rosenberg-Klatt) ^TVl^Klatt, D. and Klatt, L., "Analysis synthesis and perception 
of voice quality variations among female and male talkers'!, J. Acoust. Soc. Amer. Vol. 87, 
820-857,1990)^^ RK ®MWX<D£o\^tSflZ> a 

rk(n) = rk c (nT s ) (3) 

f2a?-3^ 2 , 0*t<OQT0 
rk c (t) = J 

0, elsewhere 

I (4) 
27AF 27AV 
4OQ 2 T0 ' 40e 3 rC 2 

open quotient of the glottal open phase of the pitch period) X'h^ 0 ffiftP?^{fc^ffiu(n) rk{n) 
JZ(z) = (l-cz- 1 )- 2 (5) 
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TL = 20]og 10 |7Z(e^)| - 201og 10 |7L(e-°)|, 

B-cosco 0 - J(B-cosco 0 ) 2 -(B-l) 2 ^ 

c = 

B-l 

ZZX\ B = lO 71 ' 20 ,^ = 2jr3000/F,T-fc5 o 

Ding fjii^^^^T/^yXAtrffflL, P##Kj (articulatory movement) Sr%E^AtL 
Sr^XLS^^SrioTV^ 2,000Hz ^T^^^^KI'S^-rS-r^ro^^/v^^Hfi^^-rS 

<P( n ) = [~y{n -!)•■■ -y(n- p)u(n) — u(n- q)f , 

y{n) = cp T (n)6 + e(n), n=\---,N (7) 
e{n,8) = y{n)-cp r {n)d (8) 

§ = argminV(0) 



^|^)^(«)l ^J>("M") 



(10) 



A(z):££t5£(z)0||itt±{::fe5» 
A(z) 

^XB'(z)/A'(z)^^^^^^^b^b^A C(z)<D^^b/^M^j&Uir^tiisb, 
D(z) = (l-dz- l ) s ^ n)2 (12) 



ww-CsgnQ t±Oft<Dfe<D&^r&M-to *^MH££k*7^-*77 ^(DX^^h^ a 

TI = 201og 10 |C(^"°)| - 201og lo |C(e^)| 
ZZXco 0 = 2*3000 /.F, -Cfo5o s£(12) ^ (Dffi&d «5£(6) ilsHStlcLTZL a»<b^tb£ft5 a 

v(n) = J - OQ TO F s + GCI(i), AV(i), TO, OO) (13) 

to tefrffi7\s—Mz&vz>\*y^mMv>¥-i%mx-foZo oq <D®nim^m^teimz.w7££tiz> a 

^PM%&'<7*—? AV(i) 3o3:ZFP?nmm0M GCI(i) M^^^J^^tiit^-pvXn) (Dm 

(excitation peaks) =t VnbflZa l7^/U^t^v'(n) CDz«te&<7)£5 i^PL 
0) V 1 A'(z) 



V ^'(1)^(1 



7^) 



(14) 



(15) 



*'(1)£(1)ZL(1)J 5'(^)-D(z)7X(z) 
v'(«)cOiZf}^ifiI (excitation amplitude) AE YZAV'* : 7*—&\Z$£&&ft,%> 0 

AV =—OQAE 
27 

"System identification theory for the user? PRENTICE HALL PTR, 201-202, 1995) 0 



-I N-l 



B(e N ,6) 



A(e » ,6) 



(16) 



.__AL_ 
' U{—k) 



(17) 



W(co,d) = U(co)A(e ieo ,d) 

X'foZo 

^m^x^T'^pmmmm^m^^^mxh^tmni-^t^x^o 

I(z)=l + / 1 z" 1 +/ 2 2" 2 --- + / r z- r (18) 
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•r^tm^nmm^x^x^m-r^t^x^ 

W(cd,6) = U(m)A(e ia ,d)L(e }a ) 



(19) 



tfcfeZfiZ, Ding ^^^YMmA^y^-^TL (Dm^MU^XL(z) = l-z- 1 Xm^fl^ 



Z-Z-X^j^CD^m-t r XhV. ftMW!-t±6^cf± 8 X~&%> 0 %{n) \-£&&M&X*%>Zi 0 

2<Dmm : ^^HH2)ti^<mmLx^^ 0 oq [%]tt^^:(2i) ictox-^xibtbs, 

OQ = 3.65/2D - 0.273HD 2 + 0.0224//D 3 + 50.7, 
- 4.03 zHDz 9.83 

rCT\ /ffi>«=fl r 2-/fl[dB]Xfo5 0 H2ioXXfHl^^:(14){z^X^y^/^^titi^p(D 
DFT /^b#b*T,5 0 



^T^2oC5Pp^S^^:-f Sitfet-. RK #Mi-^fb2oC0^— (APF) (Kawahara, 
H., "Speech representation and transformation using adaptive interpolation of weighted spectrum: 
vocoder revisited', ICASSP 97, 1303-1306, 1997)£jIffii~So 

- aiW52o<D;^™#l(GCi)<^p H 1IStf^ 




(20) 




(22) 
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N J i 



(23) 



(24) 



2jt ; 



*=o,-,^ 

2 

£ = + i .. 

2 



-1 



1 



(25) 



',(0- 



r)(l)~~N(0,d g F s ), Z-O, — ,y 

ftWItSfffi^ii^UT^^^h d c {F(n),F{n + 1)) #£1^^=^ ^ (F^))/^^^ 

rf c (F(«),F(n + 1)) = a\F f (n) - F, (n +1)| + yS|F ; («) - F ; (« (26) 
d d (F(k)) = (A:) - F, (k)\ + j8 |F ; (*) - c| 

Z.Z.XF f te7*fr-?>hm$.&:X*fo?). F ii:7;*-/w:/M&g-e$>5 0 7^- 



(27) 



F» = 



20 log, 



form ant 



(28) 



20 log, J ftttf" , if ant i ~ formant 



[mm] 

}C^LTV^£^£$;ftTV^(Ljung, L, "System Identification theory for the user? PRENTICE 
HALL PTR, 201-202, 1995) 0 

^m^t^m(D^M^n^^^p(DW(D^x(ommm^ Ding hK^xmm^ntc^ 

jl^O^/l^:/;^h7i*(MCEP)&(Tokuda, K., Matsumura, H., and Kobayashi, T. "Speech coding 
based on adaptive mel-cepstral analysis." ICASSP 94, 197-200, 1994)i ARX i£t<DTm\X£h\^yc%t%: 

tTofc. i^m(ommxmm^ri±(Dtw]c^p^y^m^^ a f^Mt^tc^tD^yv^ 
^&»ii.025kHz^L^ o tfy^mztt-tzmmz&rxh-tttib, u&i&^^xws-r 

5 0 {gV^V^cD^i^-^Ol vTJli ARX MCEP ifeiO^fi/j^V ^tL^ flfi^tV^ 

t^iioi ^Ti3 ARX &<^(55^J: ! 9J:<^tg-r5ri:{iP^^^-efc5o 

If, ^xtfifOW^iS^b, 25msec~35msec m&O&ZVf&MlkX^PfcJ&ispeech. 
segment) 60l£#J»?tti-t"o ^K^CiLT(ii<^P^fcHanning &fr£*£rfflV>5 0 25msec~35msec (73 

K^iyZf S7001> 

^|wGa^a§P602^<fct/ t AV4i^§P603(r*3V^-C, tM^601^^^^]©t-^fcV^ 
^SrfTV GQ (glottal closure instance) £5 £ IMF ©fflf|^*fe5 0 GCI iZ'^p^GOKDM 

<*rry-f S7002> 

2fe|3#jljS^fKgP604{Cj3V^T, BIl^J:t5^;(3)^Lfc RK ^(D^(D^— 
^{igrfs GCI i^«605i:ih5 0 r<7)£§<7V?7A-*l3, AV |£fi* 

S7001 ^*ftfcfit, 0<2 ^Mfil^feS 02° 0.6. TL° 5-15 Ofit^ilMa \Z^X 
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<Xf->/ S7003> 
608(1, AR#t^^P:t#^fc^/V^ 

y^>7 T v-^ (adaptive pre-emphasis) <Mt5o mft^J^y T^y^f^ 607 }o W608fi5£(l 

8) r-*^tLSo 

<^fy^ S7004> 

2fc(ZL ARX 5>tff^609}3 joV v£\ jHJ^yy^i>7 7^7-^/^607^0 «tt5608{iJ:oTjif5^^ 

yyr^^tLfc^-il^^eosjoi^^^BeoiSrffi^T^C?) frb^(io) ci^Lfczfrfe-c 

ARX^ff^rtT9o WISH, ^(10)^^AR#iCa.*5J:r>'MA^^^3iti5^ z£(2) {d&ttS 

A(z)*5J:a' B(z)/5^^5o ^<« N A(z)=0, B(z)=0 km^ttU&%M<zb\z.£!)7*/is-*'>bm 
lgi(formant frequency)^ (n) N /^K^(band-width).F fo («) , Ti/^^/l^^^anti-formant)^^ 
^CAF,^). ^KtiAF fc (/i)Sr*fe5 0 t^t?^. A(z)=0 <nW%&M*r l ,'~r p , B(z)=0 ^it*ic 

\2jcT s \ l^-^A 
Im(c) 

argc = arctan t-t 

Re(c) 

|c| = -jRe 2 (c)+Im 2 (c) 

^^h/V(75fPu£4 (spectral tilt) ri*i&3fc£r^:tt-5fc*. ^ (1 1) (12) ^Lfc^&TT/ 

<7.=fVf S7005> 

7x° ^ v (i4) \z^-tmy-f^6 lo&m&u ^-pmmoi t ^mMm 1 1 ^m^-r 5 0 

<^-ryT p S7006> 

fc#iH^611(D DFT(discrete Fourier transform)75^01fSiPig^^-<^//i t%2^m&(DU^ 
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;v H2 oitfeS HD = H2 - HI £**6 , 5£ (2 1 ) V ^T#t^-r 5 a 
<^7^y7°S7007> 

^61l75^^f^(75t 0 — ^tV^^fT^ GCI iSXXf AV (Dim^fchtlZo GCI jo«fcU*AV<E> 

S7001 tm%x~h^ a 



<*7-y-f S7008> 

2fc{d^J^613{-joV^T, GCI ^-mm^^X^^^H^^m&n^c MLTV^it 
frf**^?" S7002 a^StJ^J&Sri&^SS-r, iR^L-CV^f^Wti^TL, jSfeO^l^-AO^tff 
^^T-TSo ft^l*— J»<DmMte 5ms~10msf£I»il*LV\ 

yf-m^Wd (pitch frequency) <D%&(D^f£?l\ZftLX^t>&Xm §t^<^U^V^—^tP^. 
iKDHSIltll 7Srv7 S7001 *5.J:t5 S7007 ^joJt5t°— ^tV^v^i;:^ GCI 

■y-i/y/^miLXftfrnZo %2<D-mmmx\±, ^ti^i^y^aiT^mm^mw^xn^^, 

K^TSry? S7002 fcl*3V>-C GCI fcit&^MPSIUfc RK fl»^lt5:il: ##T*£ 

gci (Dmm^m^(D^m^mio\^-ro ^pm^oi^tz^-my^^Qio^^xm^^ 

x~t°— ^sooi ^tBU <v m^<D^riyy° ^/i^8002 joit^ 8003 &hio-&tz3£&mz>— .nkMWcstm 

ZJXWiWt 8004 C75t°— ^{ig 8005 £fc°— ^fg 8006 ^feSo 
^<7?J;5{-LT*febtLfct o -^{iK8005 & GCI £&5j5S, ^:<75ffif«^-9-^/W4§"C*{±^<, 
Hi«ii<hft5 0 t^X\ RK ^jiS^-^/H^^^tf-^ig^^icO GCI figiC^^i±5fc^{^- 

(22) -^(24)«oX#»l-r5 a /c/cU ^Xl±Q r (k) = 0XhZ> a miO^Lfcmfe£tlfzt° 

— ^fig 8005 ^^ttmr^-^yA^fig 8002 t<Dm^M^(24) <DT d (cftAi-^fi«tv \ 

01 1 (a) ft RK ^^yVi 1 ^^^— /W^7^/V^{-«t?)^^7 P /^^<t?)fc*lfld a V ^WitT*V'7 
hlh6M«UckOT£>5 0 iUll(b){C^-r^77^f±.^iC0 RK ^»7F^ 0.5 tf-lVhv'^M, 
Tbbtf), 0.9^Whv-7hUfctj^?rfi^Tffiv^fc5 o ^i/^^mM^O^'fflfi^^&X 
GCI %[F]»i$-&5ri:iCj:oT, ^tff^^^l-hi-5^t/i^^So 
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HI 2 It, Z(Dmm<Dm3(DmMWmK^h^P^^y^^(Dm^^y^y^mXh^o z.<o 
^F&m/KTM*. ^(2) \z&^x&&^*±jfctZ>h<Dxm, rk^x>#M£j&^ 12001, 
i^^^b/WW^/^ (source spectral tilt filter) ( TL (z) ) 12002, J&^^MH^^/l'*' 
(Vocal tract spectral tilt filter) (Z>(z)) 12003, j^3i:7^/l^(Vocal tract filter) ( B (z)/A(z) ) 12004, 
12005, efe^^/l^ (1/A(z) ) 12006, m&U 12007 £rif;L5 0 

fj|l;i;fcteif§2©|?;&iMJ^^ 











AV 


RK ^"r/^M^M^U 


OQ 


RK ^f>fl©rRPffil 


FO 


RK ^tv^^S*^^ 


TL 




NA 






TI 






F1~F6 


m i-m 6 7^/w^^^jh« 


B1—B6 





AV,OQ,F0,TL \i^P%W\ (voiced part) O^Tit^r^, M^EW (voiceless part) Til 0 

x&Za -Jj, na raas^is: ffl<D&xmz$f%. mpm.mxte o x-fe5 0 

RK^V^M^J^ 1200 1(2, /<7^-MV, OQ, F0 &JBVvC5£(13) CftoTfgSI^ 
3Ej£1-5o ^iH^^b/WTO^^^12002tt, /<7^- ^TL£^T^(5)i;i^oT^M£6£ 
gf512001^^(© : ^af,^^CO^^^b/K*M^^MT-5o ^it^^b/M^#4^^^12003ii, 
7;*— *TT&ffil^T5£(12) MoT^^h/MTOM«« 0 ^it^^h/HSM^^/^ 12003 

\z^x^^hMmumm^titz^mm^ip^y^^i2oo4^m^x^mi2oo7\^ 

?LbtlZ) a i-^t?t>^(2)0^ffl^l^^^ofc^^^i^ff512007^#^ix5a 6eif 
£fifcgi512005fi, s<7*—?NMZJ&C1t.y^<D7l/yM.m^&±l&-t-Z 0 &&m=&-£-f&^1200 
5^^<^7>^^i 1 fte^#7^/^12006^iioT^^12007ic:^-x.^tL5o T" 7 ^t?^^C 
(2)CD^ffl^2iI^^ofc*l^^^^ft?12007^^-^K5o 12007ft, P^7^ 

^12004^h(DWMm^t^m^^^l2006^(Dm^m^t^^X^:(2) \zMr>tz.-& 
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^<Dmw<DM4<Dnmwm kx^p^-^>^m, m 1 2 \z^LtLRK^'^m^u 1 20 

gfU2001^ DFT(discrete Fourier transformation)!!!? SfU3002^ DFT^^$|513003t, IDFT 
(inverse discrete Fourier transformation)ft#fl513004<h, ^Sil^Sff |Tt|513005i:, 
®*l+^13006^:. ^fSlf|513007^{i^5o 

RK^^#m»Sl51 2001teHl 2 iC^Lfct>O^{ffi^OT&5 0 DFTfr 1^13002^ 
RK^xV^#^^^1200l75^<D^I!i^^^(23)(c:^oXDFTLT^l«« (frequency 
domain) £^&-T5o ^ii^Sf+lf^l 3005ft, ^^-^FOSrffl^Trt (24) (C^oTS^il 
MSe s (A:)^lt#-r5o y^^S®filt^l3006fiS:(25) l^ot7V^IIie r (*)* 

tt-g-rs,, ^j»i3oo7!i, ^nmmmexk)tv^^^mmAe r (k)t^nW-(e s (k) - 

0 r (yt))L-CDFTW$15 13003^4-^ o DFT«g{513003i±, DFTf+^1 3002^^/1$? 
mn^^MmZZ^(22)<Dm2^\Zfe^xmZ-tZ>o IDFTf+||§[$ 13004 ft. DFT^ff^l3 

1) ft ^ffl ^^(glottal closure)^ 5 >f(DfflM 
2y*i?— (buzzy) K^W^'J 

Hi4ft. r<75|§Pjiofi5Wil;!«fe^^ 01 
4i^^i-^^J55c^^(4. mi2i^bfc^ 1 ^^^^^Otf^(c:^^T^^(^^w^h 
^^g|514001^il^5o ^A^Vhigj^gtf 14001ft. H^V— ^F 
1~F6, Bl~B6<7>iMi4£#liU ^5I{C^-t-5^(D-efc5 0 ^/l^VMggE^ 1400 lft, 
i£(26) *5«tU { (27) {Z.TFVfcMW&X-V (connection cost) *3 <t UWW^^ ^disconnection cost)£rffl 
\<^XW$tftt\W£ (dynamic programming) \Z^Xy^—^f^<D^^-/^>h(DM^M^ : 5 a 

mmmm^mm^ ^x zxTim u&^So 

015ft. fcSHocDKD'n-ofc^W— i^^/U^VWlig^formant frequency)^ >Kftl[band 
width)^L-CV^So #«ili7V-i,#^--e^ifftfi:JiS^T*fc5 0 £fc, > Ml ()!]*£ ic 

^Kf>I)OJ:5f'lW£3^LTl^5o HO£7)7U-A (Frame A £ Frame B)l:iitt)[:6l@©7^ 
r^bW^^>hOT»^iSV^(75/5^ FL F2---£V^£5Mfttl5o If> 
r.ft£> 6 oft Frame A t Frame B <7)|i!K*P«^<ak<Dl3±tfS^£ft5o U)>U Frame B©F2 
<h F3 ^JliSftft^ifiLT:^, Frame A^ F2 (DjiraidiSl/ \> Frame B©F2 
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i±S^Loofo5^^i:%^^n5 0 Lfc^oX, Frame B©F2 [iffl$Loo&57tA^yfi:W$ 
ft. Frame AG9F2 iH^L^V ^i^H^U/ \ Frame A <D F2 fi Frame B <£> F3 ^^ftS^t 

#£#(31 Frame A, ftEfch Frame B 07^/W^h^i:«9, te^tf^lqi, 1), (l,2)£V^.fc 

5*5, £ib^5-o(7, 7)£v^£&f3!tt"Cfc3o £(1, 1)£^£(7, 7)M^oT&^££fc^&^ 
fbittri>tf>£T5o 0llXLtfiai7lc:^-rJ;5f-(l, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6), (7, 7)tmtt'*X 
j5S#*.b*t5o CKDflt, (1, l)f± Frame A<DFlk Frame B <7> Fl \Z.ttJfc-tZ a (2, 2)&&i>W\&X'&>Z)o 
Lfc^oT, r©£5ft'**£fc£o;rd§£\ Fl 7>b F6©6 o©7t/wyfij:iT^C#^© 
lH±*S^$fbfcr^iC^5 0 U^U ^X.^18t^i-«fc9J-(l, 1), (2, 3), (3, 4), (5, 5), (6, 6), (7, 
7)tV^^^ii5r<tt%^tb5 0 r^^(±FrameA(7)F2tFrameB^F3i:^ : g^tl, Frame 
A <D F3 £ Frame B©F4 £^^£ft5;L^;§:9*1-5o Frame A <D F4 *3 £15 Frame B©F2 i« 
i&^ftS^ri^&L&V \ Frame A <D F4 tt^^TV K^A-^k Frame B <D F2 {±£ti5ILoo 

j-1), (i-2, j-1), (i-1, j-2), (i-2, j-2)© 4 j£<£>^£1~5. (i-1, A. (i-2, ]-l)i)*tb<D&W}& B, 

(i-i, j-2)*^^#»^a (i-2, j-2)frtb<D&wi&T> kw&z.tiz.-rz a ^(Dmm^'o, ^to^f,^ 

<£F*K (1, l)J&^#fb£IIB*&LT(7, 7){c:fc < h^*it5fefeEc:M , 0#5^^ttP^^^-l§l2O^^:-r 

w r . m <d mM&m 2 1 ^# j$ a* - t-s,, 

<^^7°S1> 



ff, Frame A, Frame B £Z)7^^VM@fc^tL^HNA. NB ig< 0 iMX NAXNB ©@E?iJ C 
f--l'X(NA+l)X(NB+l)©IE^Jni*5j:tJ ? njMsU ^tl^^^*^T 0 X'ti}Mfc1rZ> a C<D 

ni(i, j)=nu nj(i, j)=n X"h%> 0 
<^"ryyS2> 

±x<D^mte&m2o^m)i^^^xmn=>*hkMcms<*$:^w-f : 5o 

i & j ££kfclT*3JJ»Hfcrr5o k j ti^H^tL Frame A tt, Frame B W^-tVxV^ 
KXryZf S3> 
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UVW m iSXUn ZmmU m = i-2, n = j -2 mm\Y^^ a *7t, S^mil^M!^^*^ 
O Cmin Sr^EU ^fgfcl8>3*tftfiI£ttAL-C*3<o 
<^-T5/7 !> S4> 

<7<TV-f S5> 

^H^h^— Bf 6*J{c|aiS"f5 Ctemp ^ffllU -&(m, n)/$^£(i, j)^<7V-*JX=i;*h£,£(m, n)^?^ 

Ctemp ^Cmin £9/h$ittUi*(Yes)*7^yS7^ /J^ftttftf* (No) S8 ^"ftPo 

<^f^ S7> 

Cmin {H Ctemp £ft AU ni(i, j)^ m nj(i, n ^^5= ni(i, j)^ft/hH*I^h 
X'&$hlstiM<D Frame A ttSS, nj(i, Frame B WJ^g&IElti-So 

<?sry7 S8> 

n = j - 1 XfetU3: (Yes)^xy:/ S10 ^n = j-l t?*tttb«(No)^7 i y7 p S9— i-ftp, 
<^T7^ S9> 

n ^-o^P^-grT^x^T 0 S4 ^fc£f5 0 
<ZSry7 S10> 

m = i - 1 •C&tLfi (Yes) S12 m = i - 1 ^tttbit* (No) 7sry7S 1 l^f-ftf „ 

<Xrry-? Sll> 

n £ j - 2 IlIU m Sr-oiiJn^-BrT^x^ S4 ^1>^5 0 
<^-ryysi2> 

i ^NA+ 1 I^LTV\fttf(Yes)f&TU iiLTWcCtftU* (No) 77y/ S13^1-rtP 0 
<*7-y-f S13> 

qi, j)^m?I^h^falt-t-5 0 -T^*,, j)t3*5{t57d-/U^VhKffil(-S:(26)T*H-3iLfc. 
fjt) t Cmin OfP^falt-rSo fcfcU l)f±^^#L£-efcSfc£>. xN^n^htt^^-f N 7* 

<7sry-f S14> 

j ft NB }djgLTV^ff(Yes)^x-yy S16^, jgUO^ttfttf (No)^7 i y7 B Sl5^-t"1"l> 0 
<^7 i y7 P S15> 

j ^— o^P^itT^X^y S3 ~4>£5 0 
<^7"->y S16> 

i >6S NA IdigLTV^tf (Yes)^f L y^'S18 ^ ^LTWj^mff (No) *^y^Sl7^1-lhtfo 
<^rvf S17> 

j ?rlCML, i o^P^T^-^ S3 -4>if3 0 
<^f-7^ S18> 
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i = NA + 1, j = NB + 1 iLt^fy^ S3 ■M>£f3 0 

✓*;*3;*h<Ofr2lfi&^«fc5f-fT5 0 rF£;ft5^fiE]19(-^t" A, B, C, D CD 4 0^4 Frame A 
CDjjl i !7;*-/W;/K£ FA(i), Frame B <Dfl j 7±;^>b& FBQ)X^-Tt, A (Z?4§-3\ FA(i - 1) 
t FA(Ott^tL-€ftLFB(j - l)£ FB(j)!iEv^^^n, ^$tL^v^^/^•^^^f±#&L7 t 5 ^:V^ 0 r 
<Dtz£>'<tt*Y (m^ ^X-tlfif disconnection cost) fiO £&5„ B E>#-g\ FA(i - l)feW$t£Zl 
54B#t55^L^V\ r.<7>£:>ft|§3\ /-^=^W2i>C(27){;: FA(i - l)03SS^A-r5r.t{-«t9 
f+»£tL<5 0 COm&lW^ FB(j - l)tt^$c£;ft3tB^^U£l\ UZ&oX. /<X^Xb 
kfcjS(27) K FB(j - l)(Dfem&{XAi-Z>Z-t\^mW£frZ>o D FA(i - l)t FB(j - 

l)C5-0(^0V^^ffi¥^#^EbJ&V\ ^*=*M25&(27) 13. FA(i - l)<7)3iUt^AL 

FB(j - l^^&ftALfcktfWfPtftSo 

fU22tt, (i, j) i^tL^*f LT#SJ PTig^ 4oOfi(i-l,j-l),(i-2,j-l),(i-l J i- 2), (i - 2, 

j-2)^uxv>5 0 ^Riii4oo^^(i,j)^-r5#ii]^L-cjo^, ^Ri(7>^{rfiigi9-e^ 

iiLfc^£>£itu A, B, C, D J»&fc/CV5o :£/c, 4 O^k^r^^-i^^&ijSllff 
=t*MSfBA£;ftTV^ 0 

Xbft~(D&m\^W^^te<te'otc Frame AOF3 <D^^V^T^:(27) ^«t!9th^tL, 
4 o<D/^SriioT^C(i, j) i-itl - 50f (Om^^-bi^Tyy S5 T'ft#$t^5 Ctemp) li&/^<D 

W^Wz, A it 4035, B ft 483, C (i 5351, D fi 1179 ©ii^Mr4irt 
Vh£ V ^^I^h^S^ B riSSl^§ft5 (77^ S7) «, Hi23ic:^ B ^5i^$tLfc#-^^i- 0 
^ B tm^tlfc^t'<^'0, ni(i, j)tr.fi^* B <D#i&<n i teM^K, nj(i, j)5-fi j ttMUftt^fS 
1t$tL5 0 *fc, ,&(i, ^ B K:£5m3t=^h£,k(i, j) ^*3it57^/w^h£gBI^(26) lc 

i^lf^Lfdii 182 ^n^fciH^^h 665 ^fEA^^Lfc(^-y^ sl3 ) o 

-(D^^X^^h&tiWlsWh^M/^&M&M. 1)£^£(NA + 1, NB + 

i£1~ 0 ni t ni ^^A^bitI-fcifoXVHtf^^(l, (NA + 1, NB + 1 ) ^<D 

%;Ms<x$:jfrit>Z>Z.ktfX~%2> 0 SH24^3fti5? ? tL7cft^^^-r o |2Il5tc:^Lfc 

7^-/^^h^^^tLf c ^til§l25^^i-j:9^?)o Frame A CO Fl <b Frame B <D FKT^S-S: 
V^^^^nStro^^^^h^^Sr^FM^^m ^^C^-fk^-erSo Frame A 60 F2 it 

Id 0 «{b£ii-3r<hTi#^(cM£i£5 0 Frame B <D F2 0 t&»?>&* {-At< 

LTV KriTtf ^^i-m^« 0 
^^rte>;W3«£«(;:te Fi ^-^(Dm&xmt^^ 0 s£ (28) £ Fb i:oi ^-cflKnttciJ: 

'0 
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if anti - formant 



if formant 



So 

^[^^WV-h^/^O^fiJ'O^T^^^^a. 026tt. g]25^^LfcFrameA*3j:U ? Frame 

b <Dmm&&L.x\ / ^z>o &tz. fffl^wfc&ir fi~f3 ^sco^s^uxv ^ Q r<z»-s^£*tfc 

4 o^5$^i-57U— Af± Frame A t Frame B 7^|2I25£[5lDbCOX£>5o ^bT. -tftbSTfi^trH 
0(D71x— Frame AA, Frame BB £LX^^£;TlXV >5 0 Frame A t Frame B 0PsK'tti5©^ 
W«iB-<f^fi^<i:'()F2i:F3^^^ti^\ El26Xd:rco^£rx R]X^UXV^ 0 ^ 

^?Xfe5 0 Z.<D£o\Z-r&ZtX\ Frame A i Frame B <Dffli*Z7*/^lshffli£&k/^h*1&$:ffifEl 

U0>U Frame AA i: Frame A <Dfflte7*/^^h<DmmmftZ>tt. W^fP B lX12^l5lX# 
&V\, Frame AA t Frame BB filH28 (a) ^-r£5i-3 oC7^0ltitt^^ RTfigXfcSo 
7^-^^h7^f/^Srr(D|lT-(ife^^Jli}- FFls FF2 CO £5i-itbXV^ 0 U>>U Frame A t 
Frame B i± 5 oC07^^^^U£<rii^^V\ f^i- Fl l^i^^to^ofc^-^ 
^xJ&bfcXX* 6 ^<D7jsis?&mWiW$ti-Z>^t'<z.?j:Z> 0 028 (b) (± 6 oco^/V^^^ggEL 

rr.-CfiflBi*^fc*{-7^w^b7w/^tUT 2 2feC0^S7>f /^(mono-pole fflter)<hUTV^5 0 
!l]28_b^{^tt^:C07^/V^t0rt^^fe^^UTV^S o Dl *3«ktf D2 fiUMsff^X, 1 ^"r-y^(D 



Frame AA CO Fl fi^CO*^ Frame A CO Fl MfrSa*, Frame AA <D F2 fi Frame A CO F3 « ^£ 
nSfcJO, ^/i^cofWMaX^Jt flS&gX-fcS, ^X\ ^H7^^6oiIitUio<ri: 
<tU Frame AA£>£> Frame A (Cl^tX^TcOi^^il^T^ 



l + £>z 1 + cz' 



,-2 
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(1) Frame AA XWJ/^?tf 3 oU>gWCl/ "<DX\ FF4-FF6 Dl *3«fct5 D2 £ 0 t^y 
TU a=l, b=0, c=0 £"f5„ . 7^/^^/^/-N^$tlfcc7)^fE^^S(-T^ 
6 0 FF1. FF2 S *3«tTJC FF3 fi a, b, c (DmttMfr FU F2. F3 C0jS]«<^>K*)l75>b 

(2) Frame AA t Frame A <DfE\tZ, &ffi£htZ7*s^>V<Difflfa\z.$&>xm&®.b'<>h'te 

(3) Frame A \Z.mLtd%&X7*/l'^l'h7j/l'*<DmV%X&3l&ft0o ^t^W FF1 it 

Frame A {£*3tt5 Fl 3^0 0 — FF2 Frame A <£» F2 SrStfj^O, L 

£>U Frame AA <D F2 ft Frame A (D^MX'it F3 {i^5 c Frame A (DW&gX* FF2 £ F2 

n*t?05 FF2 CD« a, b, c $5£Xfft&Wi1feXfoZ Dl, D2 CD{fi£r FF3 i^t°-U FF2 
fifffcicitti^bfc F2 KfW^-CSrffpo 

029(i, Frame AA, Frame A, Frame B, Frame BB (D^/^^K^/l^CDfiJ^CD^fb^LT 
v^5o ^S-^/wvK^/^cDiSg twiiS^ri* 3 o-f o^^tbTV ^ 0 r^Pj 3 oco^qi^rtL 

, Frame A CD FF1 <D&%t&-flr\Z.t£ 1 ^AoTV^ 0 mf3\ Frame AA CD FF1 /O^CD^ 
Frame A CO FF1 tC^&^ftfc^&ESfe-rS,, <^>^. Frame A <D FF3 {HiigH&g^LT 3 
fc< 2 tJ5 AoTV rftfi Frame AA CO FF2 ifi Frame A CD FF3 (d^^tlfcr^m ^LTV ^„ 
^fc, Frame A CD FF2 CDlt^#-^fi 0 ^AoTl^5/5^ rHF± Frame AA *^^^H57>f/^ 
Frame A-C^S.t-W^bfc7^-/W^"efe5ri:<l:*b-CV^5 0 Frame BB ^fi^^# 
3 ^Aofct>002)S#^L3feV\ r.CDri(± Frame B CD F3 \±^<D^ ^XWM^^^^^T , 
^^tUfcr^E^-f 5o 3 OCD^^^T 0 CD^CDfi, •7j/l'?tl'T<Dm&tf^X\ 
-t?£t>1b&M<D\m i a=l, b=0, c=0 -efc5r££:E5lH"5o 
Frame AA^) ^ Frame A ^/l^CDMW ST^H30^^-r#)[|lTfT 

FF6 ^Ult- FF1 (dfRld^o-Cife^iSLC^^ S31~^^ S39) 
if I^#^0(^T^ S32) 

Dl, D2 £r^yX S33) 

else 

g^^Sr N kt&b N # @ C07^/Wy |^/^ FFN frb Dl, D2 
Sraf— 0*7^:/ S34) 

endif 

7i/wy hJl«^ ^K^b a, b, c £fHrLT-irs/b-r5 S36) 0 fc 
fdU 7^-/^yhjl^ic^>'K^^i:t{cio^m'a-»a=l, b=0, c=0tt%{* 
f-yy S37) 0 
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— A 

1. ^P^^y^Mt, 

m'O^-^tzy V — J±mX*<D7*^^yh/<7*~?<DttfoM&%W}&]t-\rmfe (dynamic 
programming) ^rffl </ ^X^r^'f'So 

2. ^^-Al^M^^^v-^-^tt. 

d c (F(n),F(n + 1)) = a\F f («) - F, (n +1)| + («) - F ; (« + 1)| 

^ W)) = «K <*) " F / (*)| + PfcM ~ e \ 

= P\F-Xk)-e\ 

iaott^htUF(n), F(n+ l))*5«tU ! ^^= I ^Hd d (F(k))Sr**, W]iftfffifei^t5«-£ 

3. ?i'~J>.2\zMML(D^P&^y^ : rM-i, 
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3o 

7. ^ftfiffium-t. rk ^m^^^cop^m^^nm^x^pm^mm^m^ 

mt^^B-'Mi&Mcop^fM^^^^iGCI: glottal closure instance) JdJtJSi'Stf— ^fig£:2 

u 

(tuIS^f!^^ DFT(discrete Fourier transfonnation)t-:feJt5K:£&l^^^£Hl. % 2 flip 
agU^vSr H2 HD=H2-H1 T'^tt^HS HD ^{tt^^P^Wf^ (open quotient)OQ £ 

9. ^u-Asi^tattw^^W^fefi. 
oq wlt^- 
OQ = 3.65i£D - 0.273HD 2 + 0.0224//Z) 3 + 50.7 
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fetffft>fri% 0 t-tcM&OWB.^^M^^^XGCl (glottal closure instance) £rf ^"Clt^f 5 Q 
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